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Abstract 
Lab-on-a-chip device co-working with miniaturized fluorescence detection instrumentation for apoptosis 
measurement of a single mouse embryo is presented. Proper embryos discrimination between non-apoptotic and 
artificially induced apoptosis has been achieved. It has been proofed that both, fluorescence staining and LOC 
examination, do not influence embryo viability of non-apoptotic cells. 
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1. Main text  
Process of genetically regulated cell death in response to intrinsic or external signals, known as 
apoptosis, determines viability of the cell. Assessment of cell viability by programmed death – apoptosis 
– is a basic tool in cellular sciences. At this moment there are over 300 different apoptosis-related kits and 
techniques that are developed for apoptosis detection and quantification. One of the most commonly used 
technique for apoptosis detection is a flow cytometry. This technique is successfully utilized for high-
throughput analyze of cells with diameter up to 20-30 μm (size limited by inside diameter of applied 
capillaries) [1]. Detection of apoptosis of more complex and bigger organisms, for example embryos, 
requires application of highly sophisticated techniques and equipment. What more, embryo must be 
stained, fixed or even destroyed for analysis. Therefore, there is need for a simple, specific and sensitive 
technique and instrumentation for real-time detection of apoptosis in a single embryo. The combination of 
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flow cytometry, microfluidic techniques and fluorescence detection instrumentation allows to build a lab-
on-a-chip (LOC) counting/sorting systems with microchannels on a size scale similar to the characteristic 
size of measurement cell [2].  
In this work a new microfluidic LOC and detection method for detection of apoptosis in mice embryos 
is presented. New instrument ensure non-invasive measurements of single cell and possibility of post-
examination further culture.   
2. Experiment 
2.1. LOC construction 
A scheme of the lab-chip is given in Fig. 1a. The LOC consists of a silicon-glass chip with integrated 
two glass optical fibers. The chip was made of monocrystalline silicon and glass wafer. The fluidic 
channels and montage channels for optical fibers were etched simultaneously in DRIE (Deep Reactive 
Ion Etching) process in 380 μm - thick (100) silicon wafer. The fluidic channels have U shape. The 
dimensions of DRIE etched micro-channels were fitted to diameter of measured embryos (about 70 μm). 
After DRIE process the passivation of the channels (SiO2 0,3 μm thick) was formed by thermal oxidation. 
Next the silicon wafer was anodically bonded (450 0C, 1,5 kV) to glass, where fluid inlet and outlet holes 
were previously drilled (Fig. 1b).  
 
 
 
Fig. 1 - Scheme of silicon-glass chip: a) a top view; b) a cross-sectional view Fig. 2 – Scheme of a “trap” used for 
immobilization of embryo 
The optical fibers with 50 μm in radius core diameter (Ocean Optics) were glued to dedicated 
channels of silicon-glass structure. Optical glue NOA 61 (Thorlabs) curing when exposed to UV light was 
used. Two optical fibers were perfectly aligned (Fig. 2) thanks to precision of photolitography and DRIE 
etching. The optical fibers were ended with SMA connectors. A specially designed trap ensured 
immobilization of the embryo between two optical fibers inside the measurement cell and dose not 
damage investigated embryo (Fig. 3). 
  
Fig. 3 - Photo of embryo inside the chip during measurement Fig. 4 – Final instrument construction 
a) b) 
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The silicon-glass chip with integrated optical fibers was mounted in a metal package (Fig. 4). 
2.2. Instrumentation for fluorescence measurements 
The single embryo was introduced into the chip by a sterile pipette into glass hole. Then it flowed 
spontaneously  (forced by capillary forces) into the measurement cell. The cell was mechanically 
immobilized accurately between two optical fibers. After measurement the embryo was flushed-back to a 
sterile transporting container for further operations.  
The fluorescence readout instrumentation consisted LED diode working as excitation light source, 
CCD camera for collection of fluorescence images, optical filter co-working with the camera and 
computer with dedicated for image processing software (Fig. 5). The LED light emission spectrum (450-
500 nm) was tailored by an external short-pass interference filter (500 nm) to effectively excite 
fluorescence of the applied dye of Annexin-V-FITC kit for apoptosis detection. The light illuminated the 
embryo by one of two optical fibers. The fluorescence signal was collected by low-cost noncooled CCD 
camera equipped with long-pass 500 nm filter. The filter/camera module was positioned in one of the 
optical paths of the microscope (Fig. 6). Collected image was send to computer equipped with specialized 
software. The software converted image brightness of selected areas to numerical values of the 
fluorescence intensities. As result, fluorescence intensity of the selected area within single embryo was 
given. During the measurement, which took typically less than 1 minute, the embryo was all the time 
flushed by buffer to keep it alive. 
  
Fig. 5 - Measurement set-up for apoptosis detection Fig. 6 - Photo of the measurement set-up  
2.3. Experiment 
Embryos were flushed from the oviducts from 4 to 5 weeks old mice. Embryos at the morula stage were 
pooled, randomly divided into three groups and cultured  in the plastic dishes. First group was reference 
one without any treatment. The second group was treated with fluorescence marker from Annexin-V 
apoptosis detection kit. The third group was treated by actinomycin D for inducing artificial apoptosis and 
then colored by Annexin-V kit. The different between three groups has been observed under 
epifluorescence microscope (Fig. 7).  
   
Fig. 7 – Examples of pictures of mice embryos form three groups, images taken made under fluorescence microscope 
Reference embryo 
Embryo treated by 
fluorescence marker – 
Annexin-V 
Embryo treated 
apoptosis inductor - 
actinomycin D and 
Annexin-V 
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The differences of fluorescence intensity were also clearly observed in lab-on-a-chip. Results of 
microfluorimetric measurements were in good correlation with embryo images obtained by the use of 
epifluorescence microscope (Fig. 8, 9). 
  
Fig. 8 - Fluorescence intensity for each examined embryo Fig. 9 - The average of fluorescence intensity for three groups 
measured mice embryos 
3. Conclusions 
The presented results describe novel parametric method for evaluation of viability of animals embryos. 
Differences in fluorescence intensity between the control and experimental groups of mice embryos were 
clearly distinguished. Presented lab-on-a-chip – based quantitative method of animals embryos viability 
determination by detection of apoptosis was in good correlation with results of observation under the 
epifluorescence microscope. It may be the first step toward development of new methodology of 
classification of mammalian gametes. It seems that embryos or oocytes of farm animals can be 
characterized by this methodology. Especially, it can be useful for improvement of embryo transfer 
efficiency.  
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